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THE  LOV;  TEI.([PSE-iTUP.E  DISTILLATIOIT  OF  A 
V/YOimiG  COAL 

C,  L,  Bolte  and  E.  P.  Dxirant. 


The  material  prssented  in  the  following 
report  covers  the  experimental  v:ork  performed 
diiring  the  months  of  Ivlarch,  April,  and  May, 
1916,  in  the  Industrial  Chemistry  Lahoratory 
of  the  Armotir  Institute  of  Technology. 
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Introductory. 

There  has  been  a  coTn^oaratively  small  amount 
of  research  done  in  investigating  the  distillation 
of  caal  at  low  temperatvires.  According  to  V/agner 
"low  temperature  carhoniaation  has  received  hut 
little  attention  in  the  United  States,  hut  quite 
some  successful  work  has  been  done  in  this  direction 
in  Europe".  The  work  in  Europe  hi.s  had  as  its 
principal  object  the  prod.uction  of  a  smokeless 


It        " 


fuel  from  bituminous  coals.  Parr  says  of   coalite, 

* 

a  fuel  of  this  sort  produced  in  England  since 

ti 

1907,  under  a  British  patent,    the  method  consists 

in  stibjecting  any  bituminous  coal  to  a  temperature 

o        0 
approaching  800  F  (  426  C)  in  a  closed  rect- 
angular retort,  placed  vertically  in  a  gas  fired 
furnace  for  about  eight  hours,  .ccording  to  the 
claims  made  for  coalite,  the  yield  and  by-proclucts 
will  compaie  favorably  with  those  obtaiced  in  the 

rt 

manufacture  of  illuminating  gas. 

Parr  anf.  Olin  have  ^iven  consic  vrable  attention 


1.  ,,a!3:ner;  Joal  and  Coke,  Chapter  XIII. 

2.  Parr:  :.Iodif ication  of  Illinois  Coal  by  Low 

Tenperature  Distillation.  U.  of  111.  Bui.  24, 

3.  Parr  and  Olin:  Univ.  of  111.  Eng.  Ezp.  Tiita. 

Bulletins  60  and  7S. 
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to  the  lo'.7  temperature  distillation  of  coal  since  1907, 
and  according  to  Wagner  have  developed  the  f olloving  three 
lines  of  industrial  interest. 

1.  Their  attention  has  "been  drawn  to  the 
possibility  of  developing  a  fuel  of  good  texture  which 
will  he  suitable  for  general  industrial  use,  and  they 
assert  that  the  hy-products  obtained  while  makirsg  sv.ch   a 
ftiel  promise  to  be  of  especial  value.  These  products  consist 
of  a  gas  of  high  illui"iiinating  and  calorific  power;  of 
ammonia,  the  quantity  of  v/hich  will  of  course  be  less 

than  thi'.t  obtained  at  high  tern  jeraturesj  and  tar,  the 
latter  being  composed  almost  entirely  of  oils,  con- 
taining a  minimu^  quantity  of  pitch  and  free  carbon. 

2.  A  possible  method  is  sug^-ested  for  the  pro- 
duction of  a  producer  gas  which  would  be  free  from 
present  difficulties  attending  the  use  of  bituminous 
coal,  and  v/hich  would  convert  a  much  larger  "eroentage 
of  the  fuel  into  gaseous  form. 

3.  :4uite  interesting  possibilities  in  the  pro- 
duction of  coke  are  opened  up  by  the  application  of  this 

process;  this  also  hol5s  good  for  the  production  of 
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■briqiTettes   or   other  tomis   of  mantifacti:red  fuel 
into  a  dense  and  stalDle  form  of  sxich   consistency 
as  will  meet   the   requirements   of  ship' ing, 
storage,    foundry,    or  other  industrial  uses. 

These  experiments  have  developed  the  following 
fundamental  facts: 

1.  The  formation  of  coke  depends  upon  the 
presence  of  certain  constituents  having  a  melting 
point  which  is  lower  than  the  temperature  at 
which  decomviosition  or  carbonisation  takes  place, 

2.  Oxidation  of  these  compoun:''s  may  easily 
take  place  and  the  greatest  coking  effect  is  obtained 
where  the  o;; ortunity  for  the  minimum  amount  of 
oxidation  has  occurred.  The  condition  prescribed, 
therefore,  is  th  t  there  shall  be  the  least  possible 
exposure  to  oxid-tticn  either  before  or  during  The 
process  of  carbonisation, 

3.  Coals  containing  an  excessive  quantity  of  the 
coking  substance  produ.ce  a  light  porous  coke.  The 
texture  of  the  product  may  be  modified  by  the  use 

of  pressure,  and  by  close  packing  of  the  charge, 

and  especially  by  mixing  with  maj»erial  which  has  already 

passed  through  the  coking  process. 
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Such  a  mixture  provides  the  physical  condition 
whershy  the  gases  formed  may  readily  pass  oiit 
of  the  mass  without  carrying  along  the  cementing 
sulDSt.inces, 

4.  By  the  use  of  temperatures  "between  400  9 
and  500  G  all  of  the  resulting  products  are  of  a 
type  distinctly  different  from  those  obtained  hj 
the  usual  high  temperature  proceedure. 

The  coke  resulting  from  the  low  temperature 
process  has  from  18yi)  to  20;'j  volatile  matter 

0 

remaining,  hut  since  it  has  been  heated  ahove  400  C 
there  should  he  none  of  the  tar  constituents 
remaining.  The  most  convincing  test  on  this  point, 
as  also  the  hest  method  for  arriving  at  a  conclusion 
as  to  its  adaptability  for  such  work,  was  to  try  out 
the  material  in  a  suction  gas  producer.  The  results 
indicated  that  nc  clogging  effect  v/hatever  results, 
thus  shov/lng  the  absence  of  tar  bodies.  The  physical 
operation  of  the  producer  as  well  as  the  grade  of  gas 
produced  was  fully  equal,  if  not  superior  to  the 
output  v/hen  anthracite  was  used, 

"^   This  work  was  carried  on  by  Prof.  Parr,  and  not  in 
connection  with  the  present  investigation. 
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'■^•'he  semi-  coke  has  stich  an  amount  of  volatile 
matter  remaining,  together  v;ith  the  ri^rht  degree  of 
coherence  aa  to  make  it  especially  adaptahle  for 
hOTXsehold  use.  It  is  clean  to  handle,  free  from  dust, 
and  bums  without  the  formation  of  smoke  or  soot. 
Especially  to  "be  noted  in  this  cornecticn  is  its 
ability  to  retain  a  fire  v/ithout  undue  attention  to 
drafts,  etc., 

The  average  specific  gravity  of  the  tar  is  1,069. 
It  is  rich  in  low  boiling  distillate  passing  over  at 
210  9.  This  product  averages  about  18%  of  the  total. 
The  pitch  residue  amottnts  to  approximately  305%  and  is 
remarkably  free  from  preciiritated  carbon. 

The  adaptability  of  the  tar  for  xiood.   preservation 
processes  seems  to  be  indicated  by  the  high  pereentae-e  o  f 
of  tar  acids.  These  constituents  make  up  from  28: j  to  30% 
of  the  crude  material.  The  larger  part,  about  22%  is  found 

0-, 

in  the  second  distillate^  or  heavy  oil,  from  210  C  to 
325°G,  only  about  7%  coming  over  belov:  210°C. 

Approximately  10  '  of  the  tar  is  found  to  be 
low  boiling  d'stillate  free  from  tar  acids  and 
suitable  for  use  in  internal  combustion  engines. 
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Parr  states  that  n-apthalene  ic  absent,  "but 
it  v;as  quite  evidently  present,  and  in  some  tars 
in  consideranle  quantities,  as  was  also  anthracene, 
It  Y/as  not  possible  in  the  present  investip-ation 
to  determine  quant  it  a,tively  as  many  things  as  was 
desired,  and  amomg  those  v;ere  napthalene  and 
anthracene,  v;hose  presence  was  only  indicated. 

The  free  carhon  in  the  crude  tar  was  low, 
and  the  residual  product  after  the  light  distillate 
aad  heavy  oils  are  removed  would  he  classed  as 
hard  pitch. 

A  principal  feature  results  from  this  study 
of  these  various  Sf.hstances,  namely  that  all  three 
of  the  general  divisions  of  coke,  gas,  tar,  have 
specific  properties  of  an  especially  valuable 
sort,  v;hich  would  indicate  that  the  process  of 
coking  at  low  temperatures  could  he  established 
successfi;lly  on  a  commercial  basis,* 


V/agner:  Coal  and  Coke. 
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General: 

The  distillation  of  co3,l  is  carried  on  by 
heatini?  the  coal  in  a  closed  retort,  with  one  e:'it 
through  which  the  products  of  the  'distillation  oass 
into  the  receivers.  The  exclusion  of  air  thus  prevents 
more  than  an  inappreciable  oxidation  of  the  -ororluGts, 
keeping  the  undesirable  carbon  dioxide  uc\.n  to  a 
minimrja.  Commercially  the  operation  is  carried  on  under 
normal  pressures,  there  beini^:-  just  enough  prescuj;e  to 
insure  flov;  through  the  line,  to  overcome  the 
opposition  of  the  various  elements  iii'the  line. 

Three  different  samples  of  coal  v;ere  used 
in  the  present  investigation,  and  each  was  distilled 
tinder  three  different  conditions:  1.  normal  pressure; 
E.  partial  vacuum;  3.  atmosphere  of  steam;  the  object 
being'  to  discover  any  appreciable  difference  in  the 
amount,  character,  and  composition  of  the  products 
from  the  same  sample  under  different  conditions. 

By-product  coking  is  usually  done  at  temperatures 
of  about  1100  C.  In  the  present  investigation  the 
maximiim  temperatiire  was  550  C,  This  was  re  .ched 
gradually  at  the  end  of  three  hours  heating,  and  the 
was  maintained  for  three  hours,  or  until  the  distillate 
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ceased  to  come  over.  The  object  in  using  low  tem- 
perature was  to  discover,  "bj^  comparison  v  ith  restilts  from 
previous  investigations  carried  on  at  higher  tem- 
peratures, \.'hether  the  lov;er  tempei-atures  might 
not  just  as  v;ell  he  used  with  practically  the  same 
output  of  more  desirable  products,  a,nd  v;ith  a  large 
saving  in  heat  expenditure . 
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ApparatiTS : 

The  still  or  retort  used  v.'as  a  horizontal 
cylindrical  one,  made  from  a  length  of  wrought  iron 
pipe  five  inches  in  diameter  and  thirty  inches  long. 
This  was  securely  capped  at  each  end.  '^'he  still  reoted 
in  a  strap-iron  stand  at  a  height  of  ahout  three 
feet  from  the  table.  The  stand  likev/ise  supported 
a  burner  made  from  a  length  of  one  inch  pipe,  and 
slotted  transversely  at  every  four  inches  of  its 
length.  In  the  cap  at  one  end  of  the  still  a 
threaded  hole  v.-as  tapped  near  the  edge  to 
receive  the  exit  pipe,  which  was  one-half  inch 
inside  diameter.  This  pipe  v.'as  slightly  hent  and  about 
a  foot  long.  It  was  coupled  by  a  union  to  a  longer 
pipe  of  the  s  me  diameter  which  passes  through  a 
water  jacket  to  the  t  .r  receiver.  From  the  receiver 
an  exit  tu-be  led  throu':h  a  small  Liebig  condenser 
to  a  second  and  smaller  receiver,  intended  to 
catch  any  overflow  and  any  low  boiling  bodies  which 
might  not  condense  in  the  first  receiver,  due  to  the  con- 
siderable rise  in  tem-^erature  there,  '-^'he  exit  tvhe   from 
second  receiver  passed  throxigh  three  gas  wash  bot.les. 
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Set-up  of  apparatus  for  noraial  distil-" 
lation,  showing  pyroinetar,  still,  con- 
densers,   receivers,    wash-bottles,    and 


gas-iiieter. 


Set-up  for   steaa  distillation,    shov.lng 
boiler  connected  at   the  head  of   line, 
and  gas-meter  rcaoved. 
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the  first  of  which  was  empty  anc^  reversed  so  as  to 
act  as  a  safety  btilb  and  prevent  the  sucking  hack  of 
the  ahsorhing  medixini,  and  the  seccnd  and  third  of 
which  were  partly  filled  with  a  hevvy  drip  oil 
fraction.  From  the  last  hottle  the  exit  led  to  a  gas 
meter  reading  to  ,0001  cuhic  feet.  The  gas  leaving 
the  meter  was  burned,  -^t  the  entrance  to  the  second  c 
condensei-  a  valve  was  inserted  to  permit  of  the 
•sampling  of  the  gas  during  the  run.  The  gas  was 
also  sampled  after  leaving  the  meter. 

At  first  the  temperatiires  were  recorded  "by 
a  0°-550°C  thermometer,  hut  this  v/as  soon  replaced 
hy  a  platimim-  platinumrhodium  thermocoiiiole  in 
oirctiit  with  a  Hoskins  direct  reading  voltmeter, 
reading  to  tens  of  degrees  Centigrade. 

The  still  itself  was  covered  by  a  rectangular 
galvanized  iron  cover  which  v.'as  heavily  lined  with 
asbestos,  ^his  ,  having  no  bottom,  fitted  over  the 
still  and  minimized  radiation  losses  and  egtialized 
the  temperature. 

In  order  to  ma-ce  the  distillations  under 
reduced  -oressure  the  meter  was  removed  from  the"  line 
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Still,    (covered),    shovdng   exit   pipe. 


First   Condenser. 


\ 
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and  the  final  exit  ttibe  v/as  connected  to  a  motor- 
driven  sucticr:  ptunp  giving-  a  vacutun  of  25"  of 
TTiercnry, 

In  order  co  ^ake  the  rrns  in  .i  atmosphere  of 
steam  a_-^^"  hole  was  tapped  into  the  cap  on  the 
heretofore  closed  end  of  the  retort  and  a  small 
steam  "boiler  of  about  six  gallons  capacity  was  con- 
nected to  tlie  retort  hy  a  three-eighths  inch- 
diameter  pipe.  The  holier  v/aa  equipped  with  a 
pressure  gauge  reading  in  "  pounds  gauge",  with  an 
adjustable  safety  valve,  and  with  two  small  globe 
valves,  one  for  regulating  the  flow  of  steam  into 
the  retort  and  the  other  for  admitting  a  supply  of 
fresh  v/ater  when  necessary  to  replenish  the  boiler. 
The  boiler  was  heated  by  its  own  btirner.  The  line 
between  the  boiler  and  the  still  v;as  made  as  short 
as  possible  and  was  wrapped  with  asbestos  to 
minimize  condensation.  Attempts  were  macie  to 
stiperheat  the  steam,  but  this  did  not  prove  success- 
ful. 

The  rest  of  the  apparatus  was  that  necess- 
ary for  ordinary  laboratory  analyses,  distillations, 
etc.   here  necessary,  it  v;ill  be  described  in  its 
proper  place. 
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Sho'.ying  tar  recsiver,    second  condenser, 
overflov;  receiver,    wash-bottleg,    and 
gas-meter. 


-1 


Showing 


3till,  v/itl'.  supporting  otand, 
and  burners. 
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llaterlal. 

Three  different  samples  of  coal  were  nsed 
in  this  investigation,  shipped  from  the  Cambria 
Fuel  Company,  Camhria,  'yom.ing.  They  were  labelled 
"  sample  1,  average  of  coal  shipped;  sample  2,  can- 
nel  coal;  samples,  high  ash  splint,"  Samples  1  and 
3  v;ere  obviously  rather  poor  coals,  especially 
the  first.  The  second  v;as  evidently  a  good  coal. 
The  samples  had  not  been  washed,  and  contained 
some  refuse.  Sample  three  v.'as  quite  dirty  and  had 
a  considerable  quantity  of  pyrites  and  slate 
mixed  v/ith  it. 


Grinding, 


The   sample  was  first   cnished   in  a   jav;  cri^sher 
to  pieces  aboiTt   the   size   of  a  pea,    and  was  then 
passed  throug-h   steel  rolls  until  practically  all 
wotild  pass  through  a  10-raesh   sieve, The  saijple  for 
analysis  was   then  taken  by  means   of  a   Jones   sampler. 
This   sampler  consists   of  a  galvanized   iron  trough 
cut   into  parallel  compartments  by  walls   extending 
across  the   shorter  dimension.    The  bottoms   of  the 
alternate  compartments   slant   to   one   side  and   open 
so  as   to   divert   cne-half   of  tlae  material   to   that   sicie. 
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The  rest  of  the  compartments  act  in  a  similar  way 
diverting  the  rest  of  the  sample  to  the  other  side. 
There  heing  the  same  numher  of  compartments  operating 
in  each  direction  the  sample  is  accurately  halved. 
Two  trotighs  catch  the  two  parts.  One  half  is  returned 
to  the  main  sample,  and  the  other  is  again  put  through 
the  sampler.  The  operation  is  repeated  until  a  sami:>le 
of  suitahle  size  is  secured. 

The  entire  product  from  the  rolls  was  sifted, 
and  only  that  portion  from  10  to  20  mesh  was  used 
during  the  investigation,  the  rest  heing  rejected. 
The  availahle  portion  amounted  to  about  one-half  the 
whole.  From  ohservation  it  seems  t^at  a  large  part 
of  the  undesirable  v;aste  material,  such  as  pyrites, 
slate,  etc.,  v;as  thus  eliminated. 


?K 
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Distillation. 

charges  of  five  poiinds  of  the  coal  were  -used. 
The  sample  v.'as  charged  through  a  two  inch  hole 
tapped  In  the  center  of  the  exit  end  of  the  retort, 
and  the  hole,  which  v.as  threaded,  was  closed  by  a 
plug  screv;ed  into  the  cap.  The  coal  was  spread 
evenly  throughout  the  retoit,  which  was  then 
placed  on  the  stand  and  covered.  The  connections  to 
the  line  were  made,  the  thermocouple  Inserted,  and  the 
run  started.  The  readings  of  the  gas  meter  a-d  temperature 
were  taken  as  v/ell  at  the  time  of  starting.  The  heat 
supplied  was  so  adjusted  that  it  took  from  three  to 
four  hours  to  reach  a  temperature  of  550  8.  It  was 
found  necessary  to  use  additional  turners  to  reach 
this  temperature  on  account  of  the  radiation  at  the 
high  temperatures,  and  the  result  v;as  that  the  time 
necessary  to  reach  the  maximum  temperature  sometimes 
varied  conslderahly.  It  was  decided,  however,  that  the  re 
results,  especially  in  a  test  on  stich  a  comraratively 
small  scale,  v:ere  not  appreciably  affected  by  this 
variation  in  time. 

After  reaching  the  maximpm  temperature  the  distillation 
was  carried  on  at  that  temperature  until  the  distillate 
ceased  to  come  over. 
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Shis  point  was  reached  ah out  three  and  a  half  hours 
after  the  maximum  temperature  was  reached, or  about 
six  and  a  half  to  seven  hours  after  the  run  v;as 
started.  The  heat  was  then  turned  off  and  the  line 
opened  to  prevent  any  hack  suction.  The  tar  and  drip 
oil  containers  were  than  removed  for  the  fractionation 
of  their  contents.  The  reading  of  the  meter  was  taken 
and  recorded.  After  the  retort  had  cooled  dov/n  it  was 
cleaned  out  and  the  coked  residue  was  weighed  and  its 
character  studied. 

During  the  run  samples  of  the  gas  v/ere  taken 
hetv;een  the  first  container  and  the  second  condenser, 
and  also  after  the  meter.  These  were  stihseq^uently 
analysed.  It  was  decided  after  the  first  runs  that  it 
was  unnecessary  to  tal:e  reg\ilar  time  observations,  hut 
rather  to  keep  conditi.:ns  as  near  as  possible  the  same 
during  the  several  runs. 

The  above  is  a  description  of  a  distillation 
ujider  normal  conditions,  .^s  has  been  stated  each  coal 
was  distilled  under  three  conditions:  ITormal, partial 
vacuum,  and  steam,  V/Tien  the  partial  vacuum  was  used, 
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the  meter  had  tc  he  removed  from  the  line,  siiice 

it  v/ould  not  operate  correctly  under  suction.  Tht 

exit  tuhe  was  then  connected  to  the  suction  line, 

the  vacuum  in  which  was  induced  hy  a  small  electrically 

driven  pump.  Ho  gauge  was  used  to  indicate  the  degree  of  va 

vacuum.  It  was  necessary  at  times  to  reduce  the  draw  on 

the  line  as  the  flow  of  gas  hecame  to  great  to  insure 

complete  condensation  and  satisfactory  washing  of  the 

gas. 

For  steam  distillation  the  "boiler  descrihed  above 
vms  used,  steam  "being  supplied  at  ahout  two  pounds  gauge. 
This  pressure  had  to  he  regulated  when  the  distillation 
hecame  too  rapid  for  the  same  reasons  as  stated  under 
vacuum  distillation. 

In  order  to  sample  the  gas  during  the  vacuujn  runs  , 
it  was  necessary  to  s^ut  off  the  suction,  wait  until 
the  pressure  was  slightly  more  that  atmospheric,  and 
then  sample  hy  aspiration,  llo  difficulties  were 
experienced  in  sampling  during  the  steam  runs.  It 
was  decided  however,  that  the  variation  in  the 
composition  of  the  gases  from  the  sane  coal  under  . 
different  conditions  was  not  great  enough  to 
warrant  the  analysis  of  a  complete  set  of  the 
gases. 
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Coke. 

The  coke  from  the  same  coal  distilled  under 
different  conditions  varied  "but  slightly  in  amotuit. 
V.hat  variation  there  was,  v/as  prohahly  due  more  to  loss 
in  handling  and  inaccuracy  in  weighing  rather  than  to 
conditions  of  distillation.  It  would  seem  at  first 
thought  that  there  should  he  a  greater  amouiit  of 
distillate  and  less  coke  or  residues  under  the 
vacuum  and  steam  distillations,  hut  s^^ch  did  not  appear  to 
he  the  case  in  the  present  investigation. 

The  coke  from  the  different  samples  varied 
considrrahly  in  amount,  the  third  sample  as  was  deduced 
from  its  appearance  and  analysis,  giving  the  greatest 
amount  of  residue,  i'he  coke  frpm  the  second  sample, 
(the  cannel  coal)  was  an  excellent  lov;  temperature 
coke,  while  that  from  the  other  two  samples  v;as  poor. 
The  good  coke  was  of  firm  texture,  well  hound  together, 
and  consequently^  retentive  of  its  shape  under  pressure, 
and  yet  quite  porous  and  light.  Ho  tests  were  made 
v/ith  it,  hut  it  presented  the  a:  earance  of  a  good 
coke  fiiel.  Ihe  yield  in  its  case  was  lower  than  with 
either  of  the  other  coals. 
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The  poor  coke  from  the   other  two   samples   of  coal 
was  loose  and  crumhly,   and  of  little  use  as  a  f\iel, 
tmless   it   cotild  be  used   in  hritiuettinp:.    It  v/as 
niostl3-  in  the  form  oi   breeze  when  taken  froia  the 
retort,    showing  that  there  was  little   or  no 
■binding  tendency,    and  v/hat  lujnps  there  were   easily 
crumbled  in  the  fingers. 

Beyond  v/eighing  the   coke   and   examining  it 
nothing  further  was   done  ivith   it. 

Gas. 

As  previously  described,  the  gases  evolved 
during  the  distillation  were  sampled  at  two  places 
and  at  intervals  during  the  xxm,   'J-'he  volume  of  the 
gas  was  measured  only  in  those  i-uns  under  normal 
conditions,  it  being  advisable  to  use  the  meter 
v;ith  the  vacu.um  and  steam  distillations.  The  gas 
after  leaving  the  line  was  burned.  It  gave  a 
Iviminous  flame,  and  the  products  of  combustion  had 
a  very  offensive  odor,  as  did  also  the  gas  itself. 
Considerable  su.lphur  was  present,  as  was  evidenced 
by  this  odor.  The  gas  was  tested  for  ammonia  at 
the  tv;o  sampling  points,  but  practically  none  was 
found,  indicating  that  all  the  ammonia  remained  in 
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gallons  per  ton,  an  error  of  50''i  would  not  make 
much  difference.  In  order  to  seciire  more  accurate 
results  a  much  larger  sample  of  the  original  coal, 
perhaps  100  pounds,  would  have  to  he  taken. 

At  first  an  attempt  v;as  made  to  iise  oleic  acid 
for  the  ahsorption  of  the  henzol  and  toluol  from 
the  gas,  hut  this  proved  quite  n.nsuccessful.  It 
was  found  that  during  the  run  the  oleic  acid 
solidified.  On   investi£;ation  it  was  decided  that 
the  resulting  solid  was  prohahly  isoleic  or  elaidic 
acids,  these  heing  formed,  respectively  hy  the 
action  of  sixlphiiric  and  nitrous  acids  on  oleic 
acid.  The  solidification  where  oleic  acid  v;as 
used  naturally  rendered  the  henzol  and  toluol 
determinations  useless. 
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Distillation  of  Tar»     ,0-«1?line. 

I.  Properties  and  Characteristics  of  Coal  Tar. 

1.  Factors  influencing  properties  and  charac- 
teristics, 

2.  Properties  and  characteristics  of  soecific 
tars. 

3.  P.easor.s  for  distilling  tar. 

4.  Patio  of  tar  to  witer. 

5.  General  nethdids  of  distillation. 

II.  Prelininary  Distillation. 

1.  ^Tjlug   operation. 

a)  Reasons  for  drying. 

h)  Practical  methods  and  results. 

2,  Distillation  of  dry  tar. 

a)  Light  oil.  (0-210°) 

b)  Heavy  oil.  (210-525  ) . 

c)  Pitch.  (525°  and  up.) 

d)  Heiations  of  different  fractions  to  the 
v;hole. 

III.  Preparation  of  Fractions  for  Further  Distillation. 

1.  Determination  of  phenols  and  acids. 

2.  ".ashing. 

IV.  Distillation  of  Fractions. 

1.  light  oil, 

a)  Low  hoiling  bodies  (20°-75°) 

b)  Crude  benzol   f75°-95°) 

c)  Crude  toluol   (95°-i25  )  ^   o 

d)  Crude  solvent  narjtha  (125-170  I 

e)  Crude  heavy  na-otha   -,(l70°-210  ) 

f)  P-esidue  (  above  210  ) 

2.  Heavy  Oil. 

a)  210°-250° 

b)  250-270° 

c)  270°-310° 

d)  r;esidue  above   210 

3.  Pitch, 

"V,  Specific  Tars, 
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Coal  tar  is  a  complerc  mixt-uro  of  chemical 
corapoimds,  chiefly  of  the  aromatic  series.  In 
addition  to  the  chief  constituents  there  is  al- 
ways a  larr:e  nizmher  of  secondary  compounds  ^^res- 
entjand  due  to  the  action  of  heat  the  specific 
compounds  are  often  changed,  partly  into  compounds 
helonginp-  to  other  series  and  partly  into  com- 
pounds of  the  same  series.  It  has  heen  proven 
that  the  nature  of  the  rav;  material,  and  the 
temperature  of  the  carhonisation  from  v;hich  the 
tar  results,  affect  the  chemical  composition  of 
the  tar.  Shaly  coal  and  cannel  coal  give  tars 
containing  a  quantity  of  "bodies  of  ■-'  -araffinoid 
nature.  Tars  from  low  temperature  carhonisation- 
differ  decidedly  from  tars  from  the  same  material 
carbonised  at  high  temperattires.  In  lov/  tempera- 
ture tars  the  amount  of  free  carhon  is  small,  the 
phenols  are  of  a  different  series  in  adc^ition  to 
those  of  the  carholic  series,  etc.,  while  on  the 
other  hand,  tars  from  high  temperattire  distillation 
predominate  with  respect  to  hydrocarbons  of  the 
benzene,  napthalene,  and  anthracene  series. 
Also  the  percentage  of  free  carbon  is  hiprh. 
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In  th3  work  a.one  "by  the  authors,  as  has  "been 
stated,  there  were  three  sets  of  carhonisat ion 
conditions;  air,  vaciiiim,  and  steam.  The  tar..:  re- 
sulting ranged  in  appearance  from  black  to  a  rich 
brown,  with  varying  thiclaiesses  of  layers  separating 
out  on  standing.  The  tars,  with  one  exception  viere 
lighter  than  v/ater.  This  is  to  be  esi^ected  ".'ith 
low  tempeiature  work.  The  visvosities  of  all  the 

tars  were  low a  marked  difference  from  high 

temperature  tars.  The  ;:oercentage  of  water  in  the 
tars  from  air  and  vaciiitm  distillation  ranged 
between  the  limits  of  38; ;  and  52.7/o.  It  was, 
of  course  inaa.visable  to  determine  the  water 
driven  over  in  the  steam  distillation. 

Coal  tar  ?;ithovi.t  distillation  is  practically 
v/ithotit  commercial  value.  The  object  of  distill^.tion 
therefore,  is  to  develop  its  usefulness,  and  nec- 
essarily its  commercial  value.  The  manufacturers 
of  coal  tar  products  begin  by  fractional  distillation 
of  the  tar,  and  the  process  is  much  the  same  in 
all  plants,  except  in  certain  details,  such  as 
number  of  cuts  to  be  made,  point  at  v/hich  these  cuts 
are  taken  off,  qu.ality  of  pitch,  etc.yhe  distillation 
is  accomplished  in  most  instances  by  a  nated  flame, 
though  sometimes  by  means  of  steam. 
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Steam  distillation  is  used  where  the  tar  is  to  he  tised 
in  the  manufacture  of  roofing  felt,  impregnation  of 
paving  h'locks,etc« 

Preliminary  iJistillation. 

The  apparatus  used  in  the  drying  and  fraction- 
ation of  the  tars  consisted  of  an  ordinary  round- 
hottoraed  side  delivery  distilling  flask  of  500cc. 
capacity,  a  large  Liehig  condenser,  a  reciei'-er,  and 
a  thermometer  reading  to  375  G, 

A  sample  of  about  200  cc.  r/as  ta'.ren  from  the 
v;ell-mis:ed  tar  and  heated  up  to  125°C  to  expel  as  much 
of  the  water  as  possible.  This  dryin^  operation 
was  necessary  with  all  tars,  and  in  some  cases  it 
was  found  to  he  quite  difficult  and  tedious  due 
to  the  lack  of  special  apparatu.s.  Great  care  had  to 
he  taken  to  prevent  the  tar  from"  priming",  boiling 
over,  and  spoiling  the  ru-n.  It  \-;ac  found  that  only 
by  heating  'bhe  tar  at  the  surface  cov.ld  the  water 
be  driven  off  successfully. 

Obviously,  in  carrying  the  temperature  up  to 

0 

185  some  of  the  lighter  fractions  vere  driven  over 
v;ith  the  v;ater.  The  distillate,  then,  separated  into  two 
layers,  and  after  the  voliime  of  v;ater  had  been 
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recorded,  the  top  layer,  consisting  of  the  lighter 
fractions,  \7as  separated  froin  the  water  iiid  poured 
back  into  the  dried  t::r.  -his  operation  probably 
caused  a  slight  loss  and  conseq.nent  c'iscrepancj''  in 
the  resxxlts  as  regards  the  lower  boilirg  fractions, 
There  w-s  still  a  slight  amount  of  moisture  left  in 
the  tar,  but  it  was  so  slight  as  to  carseno  trouble, 
and  was  subsequently  removed  in  the  next  fractionation. 

The  tar  was  now  ready  for  the  primary  distill- 
ation into  the  three  major  fractions;  light  oil, up 
to  210°,  heavy  oil,  up  to  325^,  and  pitch,  above 
325  .  This  distillation  was  carried  on  very  slow- 
ly in  order  to  get  all  of  the  fraction  out  below 
the  temperature  at  which  the  c^^t  v/as  made.  It  is 
welllmown  that  a  distillation  or  fractiCuation  may  be 
forced  above  a  certain  temperattire,  and  that  on  cool- 
ing and  redistillation  of  the  residue  a  portion  may 
still  be  secured  telcw  that  temperature. 

Another  sample  from  the  tar  was  distilled  ai.d 
the  fraction  betv/een  240°  ar.d  270°  taken  as  the  "cre- 
osote oil"  fraction.  Only  the  volume  cf  this  was 
recorded.  The  light  oil  fraction  ran  betv/een  lO-'o  and 
14^j  of  the  tar;  the  heavy  cil  fraction  between  18"' 
and  SVp;    the  pitch  betwe  ':  ""   .^.d  20.;  and  the  cre- 
osote fraction  between  6,.  and  7.>. 
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Before  fiirtlier  distillation  of  the  above  fractions 
the  phenols  and  acids  were  reraoA^ed  'hy   washing-  with 
llaOH  in  a  separator^  f\innel.  The  layer  containing  the 
phenols  and  acids  was  dravni  off  and  The  phenol  liberated 
with  sulphuric  acid.  The  volxune  of  phenol  and  acids 
v.'as  then  read  off  and  recorded.  The  layer  of  light 
or  heavjr  oil,  as  the  fraction  happened  to  he,  was 
washed  and  the  diminished  volujue  ascertained  for 
reference  in  comptxting  results. 

The  fractions  were  then  ready  for  further 
distillation.  Owing  to  the  small  volujne  of  the  fractions 
it  was  necessary  to  use  a  small  distilling  flask, 
holding  aoout  50  cc,  and  a  short  water jacket  condenser 
for  this  work.  The  light  oil  fraction  was  cut  as  follows; 

Low  hoiling  bodies   20°to  75°  Gent. 

Crude  Benzol         75  to  95 

Crude  Tolxiol         95°  to  125° 

0  0 

Crude  solvent  naptha  125  to  170 

Crude  heavy  naptha   170°  to  210° 

F.esidue  210  up 

The  residue  from  the  fractionation  of  the  light 
oil  was  added  to  the  heavy  oil  fraction,  which  was 
t-hen  distilled  a^.d  cut  as  follows: 

First  210°  to  250° 

Second  250°  to  270° 

Third  270°  to  "10° 

Pitch  310°  up 
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It  will  "be  noticed  that  the  higher  "boiling- 
tractions  are  not  named,  llo  attempt  was  made  to  do  so, 
but  according  to  lewes  they  are  probalDly  largely 
polyhydric  phenols. 

In  practice  there  are  a  number  of  metliods  of 
dehydrating  the  tar.  "when  large  quantities  of  tar 
are  nsed  a  separation  of  the  ammoniacal  liqtior  and 
the  var  is  accomplished  merely  by  settling  the  tar 
in  a  large  cistern.  In  Germany  an  effecient  method 
is  in  use  in  -hich  the  tar  is  spread  in  thin  layers 
on  broad  overflow  spou-ts.  The  tar,  slightly  heated  in 
running  over  the  spouts,  separates  from  the  water. 
There  are  many  ofher  methods,  all  acooraplishing  the 
same  result  with  more  or  less  effeciency. 


1.  Lewes :  Carbonisation  of  Goal. 
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Specific  Tars. 

Tar  fl.  Coal  /  1.  llormal  Distillation. 
This  tar  had  a  total  volrane  of  460  cc,  of  v;hich 
175  cc.  was  airanonical  licpor.  A  sample  of  150  cc.  of  the 
crxxde  tar  yielded  the  following-  on  preliminary  dis- 
tillation: Vol.        Per  cent. 
l.'ater  57cc.         38.00>j 
Light  Oil       15  cc.        10.00% 
Heavy  Oil       47.cc.        31.4Ufo 
Pitch  31  cc.        20.00;S 


150  cc.      ico.oo;J 
A  sample  of  100  cc.  when  distilled  for  the 
cresote  fraction,  "between  240  and  270  ,  gave  7  cc, 
or  7/5  of  the  tar. 

A  20  cc.  sample  of  the  light  oil  from  this  tar, 
gave  on  fractionation,  the  following  results: 

fraction    voltune     ;;  light  oil    %  crude  tar 
20°  -  95°      1.1  cc.        5.5%  0.55% 

95°  -  125°     2.2  cc.       11.0:'>  1.10% 

1250-  170°     b.S  cc.       29.0  %         2.96% 

170°  -  210°    4.0  cc.        20.0%  2.0o  % 

210°__--_      6.9  cc.       34.5%  3.45% 

20.0  cc.       100.0%         10.00% 


\'o   heavy  oil 

'%   crude  tar 

8.5, 

2.68'1 

12,75';. 

4.00^0 

17.00;o 

.  5.53^:5 

9.57^ 

3.00"'; 

52. 18^;^ 

16. 32'/^ 
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A  47  cc.  sample  of  the  heavy  oil  fraction  g-ave 
the  follov.'iiiff  fractions  on  distillation: 

Fraction      voltune 
---  210°  4.0  cc. 

210°  -  250°  6.0  cc. 
250°  -  270°  8.0  cc. 
270°  -  510°  4.5  cc. 
310° 24.5  cc. 

The  determination  of  phenols  and  acids  in  this 
tar  was  made  voluraetrically,  and  suhsequently  this 
method  was  ahondoned  for  the  liberation  method.  The 
results  ohtained  with  this  tar  v/ere  as  follov;s: 

Light  oil   20  cc.  gave  0.2  cc.  phenol^  1.0;^  1,  o.^.:  0.1''-.  tar. 
Heavy  oil   47  cc.   "   0.17  ce.   "   -   0.4:'  h.o.  -  0,12,:;  " 

Tar  fr  4.'  Coal  ,rl.  Vacuum  Distillation 
Total  volume  of  tar,  480  C(;i  of  v/hic  IS 9  cc.  was 
aramonical  liquor.  A  200  cc.  sample  yielded  on  distil- 
lation the  following  fractions: 


,,ater 

.  83  cc. 

41.5^^ 

Light  oil 

22  cc. 

11.0^ 

Heavy  oil 

61  CO. 

30.5,:^ 

Pitch 

34  cc. 

17.0;; 

200  cc.        100.0^^ 
*  Three  tars  from  each  coal  are  taken  in  order. 
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Eo  creosote  fractions  v;ere  taken  on  the  vacuwn 
or  steam  distillations,  since  it  v/as  assi^jned  that  the  . 
variation  v;oi;ld  not  he  considerahle. 

The  phenols  and  acids  v;ere"'  now  removed  from  the 
fractions  by  shaking  them  in  separatory  funnels  with 
concentrated  HaOH  solution,  separating,  and  then  wash- 
ing the  residu.al  tar.  The  Sodium  phenolate  soliition, 
together  with  the  washings,  is  placed  in  a  graduate 
and  acidified  with  sulphuric  acid  in  order  to  liberate 
the  phenol,  which  then  rises  to  the  top  of  the  raixtu.re. 
In  case  the  separation  was  not  rapid  enough,  salt  was 
added  to  the  mixti^re,  in  order  to  increase  the  specific 
gravity  of  the  solution  and  thus  hasten  the  flotation  of 
the  phenol.  The  volujne  of  phenol  and  acids  was  then 
read  directly.  The  reduction  in  volume  of  the  original 
fraction,  due  to  the  absorption  by  the  llaOH,  was  noted 
and  the  percentage  of  phenol  and  acids  estimated  for 
further  check.  The  treated  fractions  were  now  ready  for 
fu.rther  fractiOi:ation, 
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Light   oil.    Tar    r4.   VolTXine  22  cc. 


Practicn 

Voltune         /J 

light   oil 

crude  tar 

0              0 

20   -  95 

1.2   CO. 

5.5f. 

o.eofj 

95°-  125° 

2.6   cc. 

11.8;'^ 

1.30^^ 

0                 0 

125   -  170 

7.2   cc. 

32,7^> 

3 .  60^0 

170°-   210° 

3.2   cc. 

14.5V5 

1.605^ 

210° 

2.8   cc. 

12.7'/^ 

1.40fa 

Phenols 

5.0   cc  . 

22. 7V^ 

2.50>^ 

22.0   cc. 

100.  O^i 

11.00;-' 

Heavy  oil,    Tar   -r4.   Voliime   65.8   cc.    (    Residue  from 
light   oil  fractionation,    2.8   cc,    v/as  added.) 
Fraction         Volxime         ^Jo  heavy  oil         io  cruce  tar 


—   210° 

4.25 

cc. 

6.67':;5 

2.12Vi 

210°-   250° 

11.00 

cc . 

17.21^ 

5.50"i 

250°-  270° 

4.00 

cc. 

6.67% 

2.10!"^ 

270°-   310° 

10.50 

cc. 

16.45fj 

5.25Va 

310° 

21.85 

cc. 

34.20?^ 

10.92% 

Phenols 

12.00 
63.80 

_cc. 
cc . 

18.80:'^ 
100.00^^ 

6.oo;:i 

31.92% 

Tar  #7,    Coal    rl.   Steam  Kist illation. 
Total  voliime   of  tar:    325   cc.   ITo  further  data  v/as 
secured  from  this  tar,    due  to  loss  hefore   distilla- 
tion v/as  accomplished. 
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Tar  }2.    Coal    r2.   Distilled   in  Air. 

Total  volnjne;    467   cc.    This   tar  on   standinp: 
separated  into  two  layers,   water  on  top  and  tar 
findernesth.   The  volume  of  the  top  layer  was  "00  ccj 
that   of  the  bottom  layer  was  267   cc. 

The  top  layer  was  distilled   in  the  tisual 
manner,    and  yielded  the  following  results: 

tip  to  125  175   cc.      v.'ater 

80°-  210°  7.5   cc.   li^ht    oil 

The  light   oil  was  added  to   a  150  cc.    sample  from  the 
"bottom  layer,    ancT  the  mixture  was  fractionated. 

Fraction  Volume 

•Vater        -  125°  16  cc. 

Light   oil   -  210°  28   cc . 

Heavy  oil     210°-  315°  48  cc. 

Pitch  315° 99   cc. 

These  results   could  not  he  figured  to  percentage 
on  account   of  the  non-homogeneity   of  the   sample.    It 
was  necessary,   therefore,    to  calculate  the  fractions 
on  the  has is   of  the   total  tar,    and  from  these   results 
calculate  the   fraction  percentages. 

Fraction  Volume  /^  crude  tar 

jater        -  125°  202.4   cc .  43.2^ 

Light   oil  42.6   cc.  9.1/^ 

Heavy  oil  82.25   cc.  18. 2f' 

Pitch  140.00   cc.  ^9.3^^ 

467.2   cc.  99. 8^'^ 
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A  107  cc.  sample  v/as  fractionated  for  creosote  oil 
and  gave  the  following  results: 
V/ater   -  125° 
Creosote  oil  240°-  270° 


Lifcht  oil  fracti  n. 


Fraction 

Volirae 

200  -  95° 

3.4  cc. 

95°-  125° 

6.5   cc. 

125°-  170° 

11.5   cc 

170°-   210° 

6.6   cc  . 

210° 

4.2   cc  . 

Phenols  and 

acids  10.4  cc. 

42.6   cc. 

11,4  cc. 

12.0   cc.               6.15:' 

(    crude  tar) 

Volume:    42.6   cc. 

%  light    oil 

'■■0  crude  tar 

7.9f. 

.727f^ 

15. 2> 

1.390:;'. 

26.9;" 

2.460:"!' 

15.3::^ 

1.410^S 

9.86)^ 

1.898^ 

24.40." 

2.?205^ 

99.60  9.100"! 


Heav3''  oil   fraction.  Voltime   53.2   cc . 

Yolume  ^ 

9.0  cc. 
11.4  cc , 
5.0  cc . 
9.65  cc. 
6.7  cc. 
Phenols   and  acids  10.5      cc. 


Fraction 

-210° 

216°. 

-  250° 

250°. 

-  270° 

270°- 

0 

-  310 

310°. 

,    „.  ^    ,  , 

leavy 

oil 

i 

crude 

tar 

16.9 

^. 

3.31 

r1_ 

21.4 

io 

4,18 

' 

9.4 

i 

1.84, 

>^ 

18.3 

$ 

3.54 

1° 

12.5 

1o 

2,46 

i 

19.7 

1 

3.86 

.■f 

53.2      cc.  98.0      ,1  19.19      '/o 


Page  44 

Tar  ,r5,  Joal  .'2.     Distill eci.  in  Vacuum. 

Total  voltune  578  cc.  A  200  cc.  saiTrple  on  fractionation 
yielded  the  following: 

Fraction         Volume  /o  crtide  tar 

Up  to  125°             85. C  cc.  42,5   ^ 

Light  oil              27.0  cc.  13.5   ^ 

Heavy  oil              58,0  cc.  29.0   '/' 

Pitch                  30,0  cc.  15.0 

Light  oil  fraction.  Voltur.e:   27  cc. 

On  extraction  v/ith  ITaOH  a  reduction  of  5.25  cc. 
was  noted.  On  liberation  of  the  phenolate  solution  only 
3.10  cc,  of  phenols  and  acids  was  secured.  The  difference 
Y/as  prohahly  due  to  the  presence  of  some  tar,  and  to  loss 
in  handling.  Fractionation  gave: 

Fraction      Volume      ^  light  oil 
20°-  95° 
95°-  125° 
125°-  1700 
170°-  210 
210° 


1.6 

cc . 

5.91 

t 

1.6 

cc. 

5.91 

6.0 

cc . 

22.2 

/ 

6.0 

cc. 

22.2 

•7 

6.5 

cc. 

24.0 

5? 

5,25 

cc. 

19.4 

1 

27,00 

cc. 

99.62 

rt 

c  rud  e 

tar 

,80 

c^ 

,80 

.-* 

3,00 

1^ 

3.00 

^1 

3.25 

2.62 

1 

1 

13.47 
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Heavy  oil  fraction.        Volujne:     5 '•  cc. 


Fractio:!: 

Volume 

1 

o  heavy 

oil 

7j  crude  tar 

-—210° 

3.2 

cc. 

5.5 

i 

1,6^ 

210°-  250° 

4.4 

cc . 

7.6 

f^ 

2.25^ 

250  -  270° 

5.4 

cc. 

9.25 

2,7^5 

270°-  310° 

10,6 

cc. 

18.3 

cf, 

5.3/. 

510° 

19.4 

cc. 

33,  5 

/^ 

9.7  ' 

Phenols  &  aci 

dS  15.0 

cc. 

25,8 

J 

v.5r: 

58,0 

cc. 

99.95 

% 

29.0^ 

Tar  }Q,   Coal  ,-2.  Distilled  in  Steain. 

All  tars  from  steam  distillation  were  filtered, 
Voliime  of  this  tar  after  filtration:   323  cc. 

A  300  cc.  sample  gave  the  followinp-  results: 

Fraction      Volume  '-^j   crude  tar 

'.later  —  125°        64.0  cc.  21.3  ^ 

Light  oil            36.5  cc.  12.0  '/' 

Heavy  oil            99.5  cc.  33.13  :' 

Pitch               100.0   cc.  53.3  '^ 

300.0   cc,  99.7  ■! 
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Li^ht   oil   fracticn. 
Fraction 

0      0 

20  -  95 
95°  -  125° 
125°-  170° 
1700-  210° 

210° 

Phenols  8:   acids 


Voliiine      35.5      cc. 


Volrme 

';:^  li^ht 

oil 

)3  crude 

tar 

1.5 

cc. 

4.1 

fo 

.495 

f^ 

2.5 

cc. 

6.85 

cZ 

.855 

,3 

7.5 

cc. 

20.6 

% 

2.5 

/J 

16.5 

cc. 

45.2   ', 

--/ 

5.5 

io 

6.7 

cc. 

18.5 

2.07 

f^ 

1.8 

_cc. 

4.92 

J 

.556 

36.5 

cc. 

99.97 

'.i 

11.956 

t  ^ 

Heavy  oil   fraction.  Voliicie:      99.0   cc . 

Volxme       )'■)  heavy   oil 


Fraction 

-—210° 

210°- 

250° 

250°- 

270° 

270°- 

510° 

310°-. 



Phenols  &  aci 

ds 

18.0  cc. 
14.0  cc. 
27.0  cc. 
35.2  cc. 
4.8   cc. 


18.2  fo 
14.1      -S 

27.3  % 
35. 5 

4.55   )' 
99.5      ^ 


crude  tar. 


6.0 


rf 


4.66   f. 

9.00   ^^ 

11.75  fo 

1.6       ':i 


52.99 


99.0   cc. 

Tar  .,-3.  Goal  }Z   Distilled  in  air. 

Total  volujne:   434  cc.     -^  200  cc.  sample  gave; 


Fraction  b 

,,ater 125' 

Light  oil 
Heavy  oil 
Pitch 


Volume 
92.0   cc. 
24.0   cc. 
37.0   cc. 
47.0   cc. 


/J  crude  tar 
46.0     fo 
12.0     fo 
18.5     f    . 
25.5     ^ 


200.0   cc. 


100    .0   fa 
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■^  sample  of  200  cc,  r-ave  on  fractionation  for 

the  creosote  fraction  the  following: 

Creosote  oil  240°-  270°  13.75  cc.   6.87  i^ 

Li^ht  oil  fracticri.      Voltune  40,0  cc. 


Fraction 
20°-  95° 
95°-  125° 
1252  170° 
170°-  210° 


Volume 

5.2  cc. 

8,2  cc. 
11.5  cc. 

4.5  cc. 

2,5  cc . 

8.0  cc. 


210 

Phenols  and  Acids 

39,9cc. 

Heavy  oil   fraction.        Yolitme : 


light  oil 
13.0  ''J, 
20.5  ,j 
28.7 
11.0  i 
6.25   io 

_.ao,o 

99.45   io 
51,0   cc . 


criTde  tar 

1.56  ,: 

2 .  46  io 

3.45  r' 

1.35  \\ 

,75  ;; 


•^    4-      "^ 


11.97  '^Jo 


Fraction 


—  210'' 

0  0 

210"-  250 
250°-  270° 
270°-  3100 


310 


Voliame 
6.0   cc 
6.7   cc 
4.4  cc , 
6.2   cc 

16.2  cc , 


^l 


heavy  oil   %  crude  tar 


Phenols  &  acids  11.2  cc. 

50,7   cc. 


11.7  % 
13.1      $ 

8.62   io 
12.15   % 

31.8  ':0 

21.9  , 
99,27    io 


2.18  i 

2.44  io 

1.6  io 

2.26  io 

5.89  io 

4.06  io 

18.43  io 
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Tar  .r6.  Coal  ,;-3.  Distilled  in  Vacuum. 

Total  volume  of  tar:  387  cc.  ii-  300  cc.  sample 
gave  on  fractionation; 


Fraction 

Volume 

fo  crude  ta 

.r 

Water  -  125° 

173.0 

cc. 

57.60 

f^ 

Light  oil 

27.0 

cc. 

9.00 

Heavy  oil 

1 

58.0 

cc . 

19,30 

Pitch 

42.0 

cc. 

14.00 

//^ 

300.0 

cc . 

99.90 

\  J 

light  oil  fract; 

ion. 

Volum( 

3 :      2  7   cc  . 

fraction 

Volume 

% 

light   oil 

Io 

crude  tar 

20°-   95° 

2.4 

cc . 

8.9     % 

.80     f. 

0              ° 
95°-  125 

1.0 

cc  . 

3.71   >2 

.336   f 

125°-   170° 

8.0 

cc. 

29.6      •> 

2,68      1= 

170°-   210° 

9.0 

cc . 

32.4     fo 

3.01 

210°  — 

4.6 

cc. 

17.05   fa 

1.12      io 

Phenols  &  Aci 

.as 

2.5 

_cc . 

8.26   )■> 

.835  i^ 

27.5 

cc. 

100.0     ^5 

8.77      'p 

Heavy  oil   frast: 

ion. 

Vol- 

•ome 

32.0   cc. 

Fraction. 

Voliijne 

heavy   oil 

Io 

crude  tar 

—210° 

2, 

.0      1 

cc. 

6.25     % 

1.2     5b 

210°-  250° 

9. 

.0 

cc . 

28.2      fo 

5.44   ,i 

250°-   270° 

6, 

.0      > 

cc. 

18.71     f. 

3.62  i 

270°-   310° 

7, 

.0     < 

cc. 

21.81     ^5 

4.23  fo 

310° 

10. 

.0 

cc. 

3.13     f^ 

.60   f. 

Phenols  £;  aci 

.ds 

7, 

.0      1 

cc  . 

21.81      fo 

r.4.23  f. 

32, 

.0      ' 

cc . 

99.885   ;i 

19.32   ''■o 
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Tar  .,-9.  Coal,'-3.    Distilled  in  steam. 

Total  volvune   of  tar:      267  cc .      A  267  cc ,    sample 
gave  on  distillation: 


Fraction 

Volujne 

'i'q   crude  tar 

V/ater- 



125° 

71.8  cc. 

26.9  % 

Light 

oil 

25.5  cc . 

8.7  .J 

Heavy 

oil 

69,0  cc. 

25.8  'p 

Pitch 

102.7  cc. 
267,0  cc. 

38,4  '/o 
99,8  'Jo 

Light   oil   fraction,  Voltime     23.5   cc. 

VoliuBe  %  light   oil       '"'  cnide  tar 

2.0  cc.  8.6   io 

2.3  cc.  9.77^5 

6.4  CO.  2.^,1  "Jo 
7.0  cc.  29.8  'jo 
3.3  cc.  14.01  io 

Phenols  Iz   acids   2.5  cc.  10.6  ^^ 

23.5  GO.  99.81  ^     8.79 


Fraction 

20°- 

95° 

95°- 

125° 

125°. 

-  170° 

0 

170  ■ 

-  210° 

0 

210  - 

wwm^ 

,754 

% 

,860 

''0 

2.4 

fa 

2.62 

$ 

1.23 

^J. 

.9?5 

2d 
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Heavy  oil   fraction.               Voliune:          69.0  cc. 

'^Ja  heavy  oil  '"j  criide  tar 

4.54     'Jo  1.19  $ 

18.1        'Jo  4.67  ^Jo 

13.05      io  3.34  'Jo 

26.8        'Jo  6.92  % 

17.8        'Jo  3.74  f^ 

20.5        'Jo  5.24  5^ 

99.85      ^^  25.1  $ 


Fracuion 

Volume 

— -  210° 

3.2  cc. 

0       0 

210  -  250 

12.5  cc. 

0       0 

250  -  270 

9.0  cc. 

270°-  31C° 

18.5   cc. 

510°  — 

11,8   cc. 

Phenols  £;  aci 

cLsl4.0  cc. 

69,0   cc. 
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CHSMICAI  ASALYSy.S. 


Average  gas  Analyses. 


Components, 

Coal  } 

1. 

Coal   }Z 

. 

Coal    ,-3. 

CO2 

4.4 

)^ 

6,35 

% 

11.1 

io 

Illrtminants 

0.0 

JO 

2.5 

% 

4.05 

1° 

02 

2.5 

'/o 

0.72 

Io 

10.5 

r  i 
/O 

CO 

6.5 

io 

7.95 

Io 

2.92 

io 

CH4 

25.9 

% 

23.65 

io 

15,97 

io 

^2 

31.6 

io 

21.6 

io 

41.00 

i 

%    ( 

ty  diff , 

:)    29.10 

< 

37.13 

io 

14.46 

io 

100.00 

100.00^: 

100.00 

io 

Average  Coal  Analyses. 


Component 

V.  J.M. 

Moisture 

Ash 

litrogen 

Sulphur 

ITixed  Carbon 


Goal  ,71 

• 

Coal   }Z 

__ 

Coal  #3. 

,  _ 

42.68 

i 

49,93 

io 

36,07 

io 

2.22 

i 

4,54 

io 

2,4 

io 

26,35 

i 

11.06 

io 

40,31 

i 

1.03 

% 

1.67 

io 

1,50 

io 

3.24 

io 

1.72 

io 

4.10 

^ 

28,75 

io 

34,47 

io 

21.22 

i 
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TABULATED  DATA. 

The  coliunn  headed  "  Acttial  ",  on  each  page, 
refers  to  the  data  actually  sectired  from  the  sample 
treated. 

The  coliuiin  headed  "  Total  "  refers  to  the  results 
that  would  have  been  ohtaiued,  had  the  entire  sample 
been  used  in  securing  the  particular  value  in  quest ion# 

The  column  headed  "  Per  Ton  of  Coal"  contains  the 
valu.es  calculated  on  the  basis  of  an  initial  sample 
of  2000  pounds  of  coal. 

The  first  column  is  experimental,  and  the  second 
and  third  are  calculated, 

Vihenever  a  fraction  is  jised  in  the  "  Actual  " 
column,  such  as  45/200,  the  indication  is  that  the 
numerator  represents  the  amount  sectired  from  the 
denominator.  In  this  case  a  200  cc.  sample  gave  46  cc. 
of  the  fraction  sought  for. 


COAI  }   1,  DISTILISD  III  Air; 
I"t^era.  Actual     Total 
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"^er  ton  of  Goal 


Coal  used 
^oke  formed 
Volxune  of  q-as 
Benzol  &  Toluol 
Total  lar 
Ammonia  liquor 
Light  oil 
Heavy  oil 
Creosote  oil 
Pitch 
20°-  75° 


75"-  950 
95°-  125° 

0       0 

125  -  170 


170  -  210' 


210' 


'Phenols  &  acids 
from  light  oil 

—  -210° 

0       0 

210  -  250 
2500-  270° 
270°-  310° 
310°— 

Phenols  8:   acids 
from  heavy  oil 

(1IH4)2S0 


5  Ihs     5  Its 
3.25  Tds   3.25  lbs 
6.818  cu.ft.  5.818  cu.ft, 
1.9  cc.     l.y  cc. 


460   cc. 
57/150  cc. 
15/150  cc, 
47/150  cc. 
7/150  cc. 
20.7/150  cc. 
0 
1.1/20 
2.2/20 
5.8/20 
4.0/20 
5.9/20 

4.0/4V 
6.0/47 
8.0/47 
4.5/47 
24.5/47 


460   cc. 

175   cc. 

46   cc. 

144   cc . 

32.1  cc. 

95   cc. 

0 

2.53  cc. 

5.06  cc . 

13. 5S  cc , 

9.2   cc. 

13,55  cc. 


12.25  cc, 

18.4  cc. 

24.5  cc. 
13.8  cc, 
75.0  cc. 


2000  Ihs 
1300  lbs 
2725  cu.ft. 
0.201  gal 
48.6  gjl 
18.5  gal 

4.86  gal 
15.3  gal 

3.4  gal 
10.1  gal 
0 
.268  gai 
.555  gal 

1.01  gal 
.975  gal 

1 . 02  gal 

.20  lbs 

1.3  gal 
1.95  gal 
2 . 6  gal 
1.46  gal 


7.95  gal 


.19  lbs 
3.59  lbs 
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Goal    )  1. 

DISTILLED   ni 

VAGUUI^. 

Item.                      i 
Goal  -used 

iCtU'-ll 

Tntoi                   Per  ton    of  Coal 

5   lbs 

5  l"bs 

2000  11)3 

Coke  formed 

3.25   iTos 

3.25  Ihs 

1200  Ihs 

Volvime  of  gas 

Benzol  S:  Toluol 

Total   tar 

480   cc. 

480  cc. 

50.7   gal 

Ammonia  liquor 

83/200 

199   cc. 

21.0   gal 

Light   oil 

22/200 

52.8   cc. 

5.58  gal 

Heavy   oil 

61/200 

146.4  cc. 

15.45   gal 

Greosote  oil 



Pitch 

34/200 

81 . 5   cc  . 

8.6  gal 

20°-  75° 

0 

0 

0 

75°-   95° 

1.2/22 

2.88  cc. 

.305   gal 

95°-  125° 

2.6/22 

6.25   cc. 

.61     gal 

1250-  170° 

7.2/22  % 

17.3      cc. 

1.83     gal 

0                 0 

170   -   210" 

3.2/22 

7.2      cc. 

.814  gal 

210°-— 

2.8/22 

6.73  cc. 

. 74     gal 

Phenols  &  acids 

from  li?ht   oil              5/22 

1.2   cc. 

.95  lbs 

210° 

4.25/63, 

,8          1.02  cc. 

1.08  gal 

210°-   250° 

11/63.8 

2,64  cc. 

2.8  gal 

250°-270° 

4.2/63.! 

3            1.01   cc. 

l.r7  gal 

25.0°-   310° 

10.5/63.1 

3             2.52   cc. 

2.68  gal 

310° 

8.85/63 

,8          2.1      cc. 

2.25   gal 

Phenol  Ec  acids 
from  heavy  oil 


iim^)^  SO4 


Goal  5  2.   DISTILLED  HI  AIE. 


Item. 


Actual 


Total 
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Per  Ton  Co^l 


Weight     Goal 
Coke  forme§ 
Voliirae  of  gas 
Bensol  &  Toluol 
Total  tar 
Amiiionia  lig^uor 
Light   oil 
Heavy  oil 
Creosote  oil 

Pitch 

o  0 

20   -    75 

75°-  95° 

95°-  125° 

125°-  170° 

170°-  210° 

210°- 

Phenols  &  acids 
from  light  oil 

-—210° 

210°-   260° 

250°-   270° 

270°-   310° 

310°  — 

Phenols  &  acids 
from  he  vy  oil 

(   irH4  )„   SO4 


5  ros 

2.75  Ihs 

10.4  CTi.ft. 
3.5   cc. 

467     cc. 

202.4  cc. 
42.6   cc, 
82,25  cc, 
28,8   cc, 

140        cc. 
1,5   cc. 
1.9   cc, 

6.5  cc . 
11,5   cc, 

6.6  cc, 
4,2   cc. 


9.0  cc, 
11.4  cc. 

5.0  cc. 
9.55  cc, 
6.7   cc. 


5  lbs 
2.75  Ihs 
10.4  c-i.ft. 
3.5  cc , 
467  cc, 
202.4  cc, 
42.6  cc, 
82.25  cc. 
28,8  cc, 
140  cc, 
1,5  cc  . 
1.9  cc, 

6.5  cc . 
11,5  cc. 

6.6  cc, 
4.2  cc. 


9.0  cc, 
11.4  cc. 

5.0  cc. 
9,65  cc, 
6,7  cc. 


2000  Ihs 
1100  Ihs 
4160  cu.ft. 
.37  gal 

49.3  gal 

21.4  gal 
4.5  gal 
8,7  gal 
3,04  gal 

14.75  gal 
,16  gal 
.20  gal 
.69  gal 
1.22  gal 
.70  gal 
.44  gal 

••41 -gal 
1,57  gal 
2.00  gal 

•88  gal 
1,70  gal 
1.17   gal 

1.84  gal 
3.19   gal 
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Coal  ,"  2, 

Item, 


DISTILISD  ni  VACUUM. 
Actual         Total 


Coal  used 
Coke  formed 
Gas  formed 
Benzol  &  Toluol 
Total  t.ir 
Ammonia  liquor 
Light  oil 
Heavy  oil 
Creosote  oil 
Pitch 
20°-  75° 


75"-  95° 


95-  1E5'' 

125°-  170° 

170  0-  210° 

210° 

Phenols  cc   acids 
from  lig'**"  oil 

—210° 

210°-  250° 

2500-  270° 

270°-  310° 

310°-  - 

Phenols  &  acids 
from  heavy  oil 

(    lIHjg   304 


5  lbs  5   lbs 

3.125   lbs        S..125   lbs 


Per  Ton 
2000   lbs 
1250  lbs 


578.0   CG. 
246   CO. 
78  cc. 
157.0   cc. 

86.7  cc. 

1.00  cc. 
0.6   cc. 
1.6  cc. 
6.0  cc. 

6.0  cc. 
6.5  cc. 

3.1  cc. 

4.4  cc. 

5.4  cc. 
10.6  CO, 
19.4  cc. 


578.0  cc. 
246  cc. 
78  ce. 
167.0  cc. 

86.7  cc. 
2.89  cc. 
1,73  c«. 
4.62  cc. 

17.3  cc. 
17.3  cc. 

18.8  cc. 

8.95  cc. 

9.25  cc. 

12.7   cc. 

15.6  cc. 

30.7  cc. 
56.2  cc. 


61.1  real 
26.0  gal 

8.25  gal 
17.75  gal 

9.16  gal 
,305  gal 
.183  gal 
,488  gal 

1.83  gal 

1.83  gal 

1.99  gal 

.945  gal 

,976  gal 
1 .  34  gal 
1.65  gal 
3.25V  gal 
5.95  gal 

—  1.59  gal 


Coal  ; 
Item 

CoaJ.  used 
Coke  formed 
Gas  formed 
Benzol  L   T&luol 
Total  tar 
Ammonia  liqxior 
light  oil 
Heavy  oil 
Creosote  oil 

Pitch 

0    o 
20  -  75 

75°-  95° 

95°-  125° 

125°-  170° 

170°-  210° 

210° 

Phenol  £;  acids 
from  li^ht  oil 

—  210° 

210°-  250° 

250°-  270° 

270°-  310° 

310° 

Phenol  &  acids 
from  heavy  oil 

(    m^)z   SO, 


2.      DISTILLED   EI   STEAM, 
Actual  Total 

5   Ihs  5  lbs 

3.125   Its  3.125  Ihs 


8.0   cc. 
300   CG. 
64   cc. 
36.5   cc, 
99,5   cc* 

100   cc. 

.50   cc. 

1.0   cc. 

2.5   cc. 

7.5   cc. 

16,5   cc. 

5.7  cc. 

1.8  cc , 
5.0   cc. 

18.0  C:, 
14,0  cc, 
27,0  cc, 
35,5   cc. 

4.8   cc. 


8.0   cc. 
455   cc. 
200   cc. 

3G,3  cc. 
107,0   cc. 

108   CO. 

.54  cc . 
1.08  cc, 
2,69  cc. 
8.07  cc. 
17.8  cc. 
3.98   cc. 

1,94  cc, 
5.4  cc  . 
19.4  cc. 
15,1   cc, 

29.1  cc. 

38.2  cc, 

5.17   CO. 
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Per  ton 
2000   Ihs 
1250   Ihs 


.845  gal 


48.0  gal 

21.2  gal 
4.15   gal 

11.3  gal 

11.4  gal 
.057   gal 
.114   gal 
.284   gal 
.855   gal 

1.85  gal 
.42   gal 

.205   gal 
.57      gal 

2.05  gal 

1.6  gal 
3.08   gal 
4.04  gal 

.547   gal 
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Goal    r   3.    ■^I3TIIL3D   IIT  AI?.. 
Item.  Actual 


Total 


'QT 


Ton 


Coal   -ased 
Coke  formed 
Gas   formed 
Benzol  E:  Toluol 
Total  tar 
Ammonia  liquor 
Light    oil 
Heavy   oil 
Creosote  oil 
Pitch 
200-75° 


75°-   95° 


5   Ihs  51"bs  2000   Ihs 

3.75   Ihs  3.75  lbs  1500  lbs 

7.171    cu.    ft.      7.171   cu.ft.    2865   cu.ft. 


95°-   125° 


125°-   170'' 

170    -    210° 

210° 

Phenol  8:  acids 
from  li^ht   oil 

— .   210° 

210°-   250° 

0  0 

250    -    270 

270°-   310° 

310° 

Phenol  c:  acids 
from  heavy  oil 


2.0   cc. 
434.0   cc. 
92/200 
24/200 
37/200 
13.75/200 
47/200 
0 

5.2/40    ■ 
8.2/40 
11.5/40 
4.5/40 
2.5/40 

8.0/40 
6.0/39.5 
6.7/39.5 
4.4/39.5 
6.2/39.5 
2.45/39.5 

11.25/39.5 


2.0   cc. 

434.0   cc. 

199.5   cc . 

52.0   cc. 

80.3  cc. 
29.8   cc. 

102.0   cc. 
0 

6.2   cc  . 
8.95   cc. 
13.7      cc. 
5,35   cc . 
2.98   cc. 

9.5  cc  . 
13.0  cc. 
14.55   cc  . 

9.55   cc. 
13.45   cc. 

5.32   cc. 

24 .4  cc . 


.21   gal 
46.8   gal 
21.05   gal 
5.5   gal 
8.5  gal 
3.15   gal 


10.8  gal 


0 

.655  gal 
.945  gal 
1 .  44  gal 
.565  gal 
.315   gal 

1.005   gal 
1.37     e:aL 


1 . 54     gal 


1.01     gal 

1.42      gal 

.533  gal 

2.58    gal 


(nH4)2304 


Coal  ■}   3. 


Item 


DISTILLED  n:  VACUUM, 
Actu-1  Tot-1 


Coal  used 

Coke  formed 
Gas  formed 
Benzol  &  Toluol 
Total  tar 
Ammonia  liq.uor 
Light  oil 
Heavy  oil 
Creosote  oil 
Pitch 
20°-  75° 


75"-  95° 
95°-  125° 

0       0 

125  -  170 


1700-  SIO"" 

210° 

Phenol  (S:  acids 
from  liKht  oil 


—210 
210°-  250° 
250°-  270° 

0       0 

270  -  310 


310  — 


Phenol  C:   acids 
from  heav3''  oil 


5  Ihs 

3.625  lbs 

4.25  cc. 
387  cc. 
173/300 
27/300 
58/300 

42/300 

) 

)  2.4/300 
1.0/300 
8.0/300 
9.0/300 
4.6/300 

2.5/300 
2.0/300 
9.0/300 
6.0/300 
7.0/300 
1.0/300 

7.0/300 


5   Ihs 

3.6:^5   Ihs 

4.25      cc, 
387   cc. 
22^   cc. 
34.8   cc, 

70.0  cc. 

54.1  cc  . 

3.1   cc. 
1.29   CO. 
10.3     cc . 

11.6  cc  . 
5.94   cc  . 

3.21   cc. 

5,55  cc  . 
24.1  cc. 
16.01   cc. 

18.7  cc. 
2,6  75   cc. 

9.04  cc. 


(1TH4)2    304 
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Per  Ton 
2000  Ihs 
1450  Its 

,446  gal 
40.9  gal 
25.6  gal 
5.36  gal 
7.4  gal 

5,72  gal 

,328  gal 
,137  gal 


1.09  gal 


1.23   gal 
,628  gal 

,34  gal 

,565  gal 
2.55  gal 
1.7   gal 
1.98  gal 

,232  gal 

,955  gal 
4,59  lbs. 


Pape  60 


Goal 


3. 


It  en 


DIoTILLSD  Ii:  STEAM. 
Actual         Total 


Goal  used 
Coke  formed 
Gas  formed 
Benzol  5:  Toluol 
Total  tar 
Ammonia  liq_f-or 
Light  oil 
Heavy  oil 
Creosote  oil 
Pitch 
200-  75O 

75O-  95° 


Phenol  c:  acids 
from  heavy   oil 


6' 2^04 


5  Ihs 
5.75   lbs 

12,5  CO. 
267      cc. 

71.8  cc. 
23.5  cc. 
69.0      cc. 

102.7   cc. 

) 

)      2.0   cc. 

) 


95''-  125'^ 

2.3 

cc. 

125°-  170° 

6.4 

cc. 

170°-  210° 

7.0 

cc . 

210°— 

2.5 

cc. 

Phenol  &  acids 

from  light 

oil 

2.5 

cc. 

—  2100 

3.2 

cc. 

210°-  250° 

12.5 

GG  . 

250°-  270° 

9.0 

CC. 

270°-  310° 

18,5 

cc. 

310°- 

10.0 

CC. 

5  lbs 
3.75   Ihs 

12.5   cc . 
267      cc. 
71.8   cc. 

69.0   cc  . 


2.0   cc. 

2.3  cc. 

6.4  cc . 
7.0   cc  . 

2.5  cc. 

2.5  cc . 

3.2  cc. 
12,5   cc , 

9.0  cc. 
18.5  cc. 
10.0   cc. 


Per  Ton 
2000  lbs 
1500  lbs 

1.31  p-al 
28,2  gal 
7.59  gal 
2,48  g-al 
7 . 30   gal 


102,7  cc.    1'  .83  gal 


.211  gal 

,218  gal 
.68  ga^ 

,74  gal 
,264  gal 

,264  gal 

.338  gal 

1.32   gal 

.95   gal 

1.95   gal 

1.056  gal 


14.0  cc. 


14.0  cc.    1.48   gal 
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co:.i?AP.isor  of  avshags  toit  p.ssults'i  these  coals. 

Item 


Coal  used 

Coke  formeci 

Gas  formed 

Bensol  &  Toluol 

Tot si  tar 

Ammonia  llq.iior 

Light  oil 

Heavy  oil 

Creosote  oil 

Pitch 

20°-  75° 

75O-  95°^ 

95°-  125° 

125^-  170° 

170°-  210° 

210° 

Phenol  &  acids 
from  lijrht  oil 

—210° 

210°-  250° 

250°-  270° 

270°-  310*^ 

310— 

Phenols  &  acids 
from  heavy  oil 

(  ITH4  )2S04 


Coal  1, 
2000  lbs 
1330  Ihs 
2757  cti.ft. 
.201  gal 


44.6  gal 


19.75  gal 
5.22  gal 

15.38  gal 
3.4  gal 

9.35  gal 
0 
.287  gal 
,573  gal 

1 . 42  gal 
,895  gal 
.88   gal 

.64  gal 
1.19  gal 
2.38  gal 
1.84  gal 
2. 07  gal 
5.1  gal 

3.59  lbs 


Coal  2. 
2000  lbs 
1183  lbs 
4160  cu.ft. 
.61  gal 

52.8  gal 

22.9  gal 
5.63  gal 

12.58  gal 
3.04  gal 

11.77  gal 
.174  gal 
,106  gal 
.487  gal 

1.3   gal 

1.53  gal 


,95  gal 


.54  gal 
1,0S8  gal 
1.79  gal 
1.37  gal 
2.67  gal 
3.72   gal 

1.325   gal 
3.19  lbs 


Coal   3. 

2000  lbs 

1485  lbs 

2865   cu.ft. 

.655   gal 

38.6   gal 

17.41  gal 
3.78  gal 
7.73  gal 
3.15  gal 
9.12  gal 
3.95  gal 
4.33  gal 

1.07  gal 
,845   gal 
,402  gal 
,536   gal 

.536   gal 
.758   gal 

1.8  gal 
1.22  gal 
1.78   gal 

,625   gal 

1.672   gal 
,459   lbs 


\. 


